Purpose Only about 20% of people suffering from substance use disorders access available treatments due to various obstacles; digital interventions could potentially overcome some of these. Meta-analyses suggest the strongest evidence for interventions targeting alcohol use reduction, followed by cannabis and illicit substances. However, most randomized controlled trials (RCTs) used unguided standalone interventions compared to non-active controls, with limited follow-up periods and disregarded comorbidity. This review examines the literature published over the last three years (2016)(2017)(2018)(2019), with a focus on recent RCTs and whether they addressed some of these gaps. Recent findings Except for digital interventions targeting alcohol use, the number of RCTs in the last three years is limited. Although there is considerable heterogeneity between the studies, most of them applied unguided add-on interventions compared to active control groups, and a limited number investigated guided interventions. In addition, there is a need for longer follow-up periods, active rather than non-active control groups, outcome standardization, and increased focus on comorbidity. Summary Although the number of studies using guided add-on or blended interventions compared to active controls has increased, future studies should consider our identified gaps and suggestions to further strengthen the evidence of digital interventions for reducing the use of alcohol and other substances.
Introduction
The use of alcohol and other substances is a major public health problem associated with detrimental physical, psychological, and social consequences. Global prevalence of substance use disorders (SUDs) has been estimated at around 2.4% (about 314 million individuals) [1, 2] . According to the World Health Organization, SUDs globally account for approximately 21 million disability-adjusted life years lost yearly [3] , indicating a significant societal and economic burden. SUDs are characterized by high rates of psychiatric comorbidity, such as anxiety disorders, mood disorders, and a higher likelihood for suicidal behavior [4] [5] [6] .
A wide variety of psychosocial and behavioral treatments are available, ranging from brief interventions to cognitive behavioral therapy (CBT), contingency management (CM), motivational interviewing (MI), 12-step facilitation therapy (TSF), and the community reinforcement approach (CRA). When delivered face-to-face, these treatments have been shown to be effective in reducing substance use with significant moderate to small effect sizes [7] [8] [9] [10] when compared to non-active or treatment control conditions, respectively.
However, depending on the used substance, only approximately 7.5 to 20% of people with an SUD make use of any treatment services [11] [12] [13] , which has been explained by perceived stigma, unavailable treatment services, forced abstinence as a goal, or time conflicts between participating and other obligations [14] [15] [16] . Digital interventions could contribute to partly overcoming these obstacles due to their potential to lower the threshold to access treatment, increased perceived anonymity when following treatment at a distance, and greater availability of treatment independent of time and place [17] . Meta-analyses suggest that digital interventions are effective in reducing substance use when compared to non-intervening controls and may have results similar to face-to-face interventions. The strongest evidence exists for interventions targeting alcohol use [18•] , followed by cannabis [19•] and illicit substances [20•] . Based on the literature, it appears that for alcohol and cannabis, most randomized controlled trials (RCTs) investigated unguided standalone interventions compared to non-active controls. For psychostimulants, the picture is somewhat different; two RCTs studied unguided standalone online interventions and two studied online interventions that were "added on" to treatment-as-usual interventions (TAU). Regarding opioids, only guided add-on interventions that were compared with active conditions had been published in the past. Additionally, it needs to be emphasized that the number of RCTs applying digital interventions targeting psychostimulant and opioid use is scarce [18•, 19•, 20•] . Furthermore, with respect to all substances, there is a need for longer follow-up periods, outcome standardization, comparisons with active rather than non-active conditions, and an increased focus on comorbid conditions. This review will examine the literature published over the last three years (2016-2019), with a focus on RCTs and on whether these new studies targeted some of the above-mentioned gaps. Standardized interventions delivered via the internet (internetbased) and standardized interventions delivered via a software program on a computer (computer-based) were included. The term "digital interventions" is used to refer to both internet-and computer-based interventions. RCTs targeting exclusively university students were excluded as they examine student drinking patterns which mainly entail "binge drinking." Studies making use of experimental approaches, such as bias modification and cognitive skills training, were also excluded as these interventions differ substantially from behavioral ones. Given that studies define high drinking levels differently and use varying terms to define problematic users (e.g., problem drinkers, risky drinkers, heavy drinkers), the term "problem drinkers" was used while describing the studies. Included studies are summarized in Table 1 .
Reduction of alcohol use

Personalized normative feedback
Personalized normative feedback (PNF) interventions provide tailored feedback delivered via self-report tools measuring substance use. The feedback is regarding individuals' substance use behavior compared with the perception they have of substance use norms within their specific reference group and with the actual substance use behavior in that particular group [21] . Two new RCTs applying digital PNF interventions and one 4-year follow-up PNF alcohol outcome study were identified. All identified studies investigated the effect of unguided PNF and compared them to assessment only (AO). Notably, a recent Individual Patient Data (IPD) meta-analysis [18•] concluded that PNF interventions are significantly less likely to decrease low-risk drinking compared to interventions using integrated therapeutic principles (OR = 0.52). PNF interventions are mostly used in young people, but less evidence is available for adults with more harmful drinking patterns. For this reason, the study by Johnson et al. [25] recruited 837 problem drinkers (9 5 and G 9 on the Alcohol Use Disorders Identification Test [22] (AUDIT)) from a hospital outpatient setting and compared the PNF group with an AO condition. No significant between-group differences were found. Additionally, unguided internetbased PNF compared to an AO condition was also not found to be efficacious at four-year follow-up in a community sample of problem drinkers (9 14 drinks/ week, ≥ 6 drinks/occasion at least monthly, or ≥ 8 AUDIT score) [26] , whereas a significant reduction in number of drinks per week had been shown during the 1-month follow-up. To our knowledge, this is the longest follow-up conducted for a PNF intervention. The results indicate that internet-based PNF interventions in community samples might lack long-term efficacy.
The study by Cunningham et al.
[27] applied a novel recruitment strategy, using Mechanical Turk (MTurk) to recruit problem drinkers (AUDIT score ≥ 8). MTurk is an online platform operated by Amazon offering registered individuals who are paid to perform certain tasks online (often surveys). Few psychological interventions have recruited participants via MTurk. The recruitment was extremely successful: 423 participants in 3.2 h. Participants were randomized to internet-based PNF or AO. The 3-month follow-up rate was good (85%); however, no significant between-group differences were found for the number of drinks in a typical week during follow-up. One disadvantage of paid online recruiting systems is that the samples are likely not representative of the target population and that the participants' primary goal is to be paid rather than receive the intervention. However, such novel online recruitment methods might be of value for testing new interventions or engaging problem drinkers in the co-creation process.
Brief interventions
Brief interventions (BIs) are concise interventions taking place over a brief period of time (typically 15-30 min) and are mostly applied in general practitioners' (GP) practices or hospital emergency departments (ED) [23] . BIs are solution-focused; they target patients' motivation and include personalized advice. Four published RCTs applying digital BIs have been published over the last three years.
A large number of studies assessing digital BIs have been conducted so far in community, hospital, and ED settings. However, given that a large number of problem drinkers have their first clinical contact through primary care, it is of great importance to evaluate the efficacy of digital Bis also in primary care settings. A review by Nair et al. [24] based on 15 small-scale studies hinted at the likely clinical and cost-effectiveness of digital interventions in primary care. However, no definite conclusions could be reached due to the small sample sizes of those studies. For this reason, Wallace et al. [25] recruited 763 adult problem drinkers (≥ 8 on the AUDIT) from primary care during a visit to their GP and randomized them to unguided internet-based BI or to GP-delivered FTF BI. The unguided internet-based BI was significantly more effective (10% reduction) in reducing the number of patients with an AUDIT score ≥ 8, compared to the FTF BI condition (15% increase). Nevertheless, because the authors identified bias in the final AUDIT question for their study design, specifically, asking whether patients received advice to reduce drinking from a healthcare professional, which likely elicited a positive response in the FTF BI condition, it is not possible to reach robust conclusions from this RCT. Further research is required to evaluate whether the findings can be replicated using more robust outcome measures.
Postpartum women are an important target group for BIs. Studies show that the majority of women reduce their drinking levels during pregnancy [26] , but a substantial percentage return to pre-pregnancy levels after having given birth [27] . Few studies have been conducted applying digital BIs to reduce drinking during pregnancy [28, 29] ; however, postpartum drinking has received limited attention so far. Ondersma et al. [30] evaluated the effect of a computer-based BI on 7-day point-prevalence abstinence and drinking days among postpartum women. Postpartum women with an elevated risk for alcohol use (n = 123; ≥ 4 standard drinks at a time at least twice per month in the 12 months pre-pregnancy, and ≥ 2 on the T-ACE [31] ) were recruited and randomized to computer-based BI or AO. The results did not indicate significant group differences in decreased drinking levels among the participants. However, given the mixed findings in the broader BI literature regarding alcohol reduction in this target group, further research into the effective key elements of BIs should be conducted.
A meta-analysis by Schmidt et al. [32] has previously investigated the effects of BIs in ED settings on alcohol use reduction. They identified 28 studies of which four applied a digital intervention. They provided evidence that BIs conducted in EDs produce small statistically significant effects. The subgroup analysis including only digital interventions showed similar effect sizes for reduction in alcohol use; however, the effect was statistically non-significant. Given the inclusion of various comparators including TAU, leaflet only, specific interventions (unspecific, empathic advice), brief advice, and the fact that comparators, such as TAU, can vary substantially, the findings should be interpreted with caution.
Fernandez et al. [33] assessed potential non-inferiority of a computer-based BI compared to therapist-delivered BI in an ED setting. A total of 750 problem drinkers (9 3/9 4, women/men on AUDIT-C) were recruited among ED patients. The patients were randomized to (a) computer-based BI, (b) FTF BI, or (c) TAU consisting of a 3-5-min minimal information session with a staff member informing the patients about various health services. No significant between-group differences were found regarding overall alcohol use reduction across 12 months.
Cognitive behavioral therapy
With internet-based cognitive behavioral therapy (CBT), patients are exposed to similar components as in conventional CBT, by logging in regularly to an internet-based treatment platform to access, read, and download online materials to complete specific modules [34] .
Two published RCTs applying digital CBT-based interventions for alcohol reduction have been identified. Digital CBT interventions have not been previously evaluated in a clinical population with alcohol use disorder (AUD). Kiluk et al. [35] recruited 68 treatment-seeking individuals with an AUD (according to DSM-IV criteria for alcohol abuse or dependence) from an outpatient addiction facility. Patients were randomized to (a) TAU-only or individual psychotherapy, (b) a computer-based intervention combined with TAU delivered in the outpatient facility, or (c) a computer-based intervention delivered in the outpatient facility in combination with brief weekly clinical monitoring. Computer-based CBT in combination with TAU produced a significantly greater percentage of abstinent days compared to TAU-only at post-treatment (d = 0.71). Additionally, clinical monitoring did not have an additional effect to computer-based CBT. Therefore, it appears that computer-based CBT delivered as add-on to TAU might be valuable for patients with AUD in outpatient addiction facilities. Future research should investigate the added value of digital CBT interventions when delivered outside of an outpatient facility (e.g., at the patient's home).
The number of studies that evaluated the effectiveness of therapist-delivered guided interventions are few, and even fewer studies have investigated the effectiveness of varying therapist-delivered guidance methods. Sundström et al. [36] recruited 80 treatment-seeking problem drinkers (9 6/9 8 AUDIT score for women/men) from the community. The participants were randomized into (a) an internet-based self-help program based on CBT with the choice between synchronous guidance via chat or asynchronous guidance via messages, (b) the CBT self-help program combined with asynchronous guidance via messages, and (c) the CBT self-help program with no guidance. The group receiving asynchronous guidance via messages showed reduced drinking at 10-week follow-up (10 standard glasses during past week) compared to the group which had the choice between synchronous or asynchronous guidance (11.6 standard glasses during past week). However, given the small sample size, this finding should be interpreted with caution. When the authors grouped both guidance groups together and compared their drinking levels against the no guidance condition, significantly lower past week alcohol consumption (d = 0.77) was found. This result is in line with the IPD meta-analysis of Riper et al. [18• ] that indicated that guided interventions produce improved treatment outcomes compared to unguided interventions.
Integrated therapeutic principles
The term integrated therapeutic principles refers to interventions that make use of various elements from different psychological theories, such as CBT, MI, and PNF. Four studies using integrated therapeutic principles were identified.
Boss et al. [37] assessed the effectiveness of an internet-based intervention based on integrated therapeutic principles specifically targeting the German working population. Problem drinking employees (n = 434) (at least 14/21 women/men standard units per week, and ≥ 6/8, women/men on the AUDIT) were randomized to (a) internet-based MI + PNF + emotion regulation with guidance, (b) unguided internet-based MI + PNF + emotion regulation, or (c) waitlist control (WLC). The investigators found no significant difference between the guided and unguided conditions regarding weekly consumed standard drinks. However, the two experimental conditions were not sufficiently powered to detect statistically significant differences. In contrast, both of the experimental conditions were significantly more effective compared to WLC (4.9 standard drinks greater decrease on average). This study is one of the few indicating that internet-based alcohol interventions among risky drinkers from the working population can effectively reduce drinking levels.
The study by Brendryen et al. [38] sheds further light on digital interventions for employees. A total of 85 problem drinkers (≥ 3 on the Fast Alcohol Screening Test (FAST) [39] ) were randomized online via their workplace. After delivering PNF, the participants were allocated to an intensive unguided internetbased intervention or an educational alcohol information-only condition. The intensive intervention comprised 62 modules based on goal setting, relapse prevention, emotion regulation techniques, positive psychology, and CBT. At follow-up, there was no significant difference between the PNF + intensive intervention condition and the PNF + educational alcohol information-only condition regarding number of weekly drinks. Due to recruitment problems, the study was hampered by low statistical power, indicating that differences might have gone unnoticed. Future RCTs in occupational settings could benefit from the recruitment problems encountered in this study, such as postponed recruitment due to technical problems, overestimated recruitment potential due to earlier pilot testing within few enthusiastic companies, and unused employee email accounts. In addition, certain organizations declined participation due to inappropriate timing, random assignment of the participants to experimental or control conditions, or concerns about employees spending too much working time on the intervention.
Many smartphone applications to reduce unhealthy drinking are currently available; however, few have been assessed in terms of their effectiveness. Bertholet et al. [40] conducted one of the first RCTs and recruited 977 problem drinkers (AUDIT ≥ 8 and drinking ≥ 15 standard drinks per week) using the MTurk platform. Participants were randomized to receive AO or an unguided smartphone application. The application included several components, such as PNF, self-monitoring, and a blood alcohol content calculator. At 6-month follow-up, no significant differences were found between the conditions regarding number of drinks per week. However, download rates of the app were limited and individuals who downloaded the app appeared to benefit from it. Therefore, it may be concluded that simply providing access to a smartphone application is probably not sufficient to reduce drinking outcomes.
There is a high comorbidity of alcohol and depressive disorders [41] ; however, only a limited number of studies focus on comorbid conditions while aiming for a reduction in drinking levels via a digital intervention. Deady et al. [42] targeted depressed, hazardous drinkers in the community. They recruited 104 young problem drinkers (AUDIT ≥ 8) with moderate depression (≥ 7 on the Depression Anxiety Stress Scale [43]) and randomized them to a transdiagnostic intervention consisting of internet-based CBT + MI intervention or a health information attention control condition. Results showed a significant reduction regarding number of drinks per week (d = 0.76) and depression symptom severity (d = 0.71) in the intervention group compared to the attention control condition. However, during the 6-month follow-up, the effects became non-significant. This study contributes valuable information to the digital transdiagnostic intervention field. However, given the observed low adherence and high attrition, further studies are required to better understand long-term outcomes.
Reduction of cannabis use Integrated therapeutic principles
The number of RCTs applying a digital intervention targeting cannabis use is limited. A meta-analysis published in 2019 [19] has identified 20 RCTs targeting cannabis use, with the latest dating from 2016. Small but significant reductions in cannabis use were found for treatment interventions. In the last three years, only one RCT has been published. Jonas et al. [44] applied an internet-based intervention program that incorporated principles of a selfregulation and a self-control model of therapy for treatment of addictive behaviors and applied a solution-focused approach as well as MI. They investigated its efficacy by shortening the program or by varying the counseling between chat-based direct or time-lagged counseling, resulting in four conditions in a randomized factorial design. The results showed an overall reduction in cannabis use days (d = 2.05) and the number of use events (d = 1.21) in particular up to 12 months, but no significant differences between the four groups. However, the conditions receiving chat-based counseling reported higher treatment satisfaction (d = 0.34) and stronger working alliance (d ≥ 1.13) compared to conditions receiving time-lagged counseling. This indicates that the shortened and unguided version of the intervention was as effective as the full intervention combined with chat-based guidance. However, it might be preferable to include chat-based counseling to enhance patients' experience and thereby improve treatment adherence.
Reduction of opioid use
Community reinforcement approach CRA is an extensive behavioral program supporting patients through functional analyses to investigate triggers and consequences of specific behaviors and to develop strategies to either avoid or address those behaviors. CRA makes use of various incentives of a vocational, social, and recreational nature in order to change patients' circumstances [45] .
No RCTs applying a digital intervention targeting the reduction of opioid use have been published in the last three years. However, a meta-analysis from 2017 [20] has identified four RCTs [46] [47] [48] [49] , with the most recent from 2014, all of which applied a digital community reinforcement approach (CRA). From this meta-analysis, it appeared that CRA + TAU resulted in greater opioid use reductions compared to TAU-only (g = 0.36).
Polysubstance interventions Brief interventions
The literature on polysubstance interventions is scarce. A meta-analysis [20] identified one RCT targeting multiple primary substances applying computerbased BI [50] compared to FTF BI reporting no effect of the intervention on substance use reduction. In the last three years, one RCT applying a digital guided polysubstance intervention based on BI has been conducted. Blow et al. [51] randomized 780 substance users at the hospital ED to (a) virtually guided BI performed on a tablet computer, (b) FTF BI with computer-supported guidance, or (c) TAU entailing educational information brochures on general health and HIV prevention. All interventions were provided at the ED. After three months, the participants were re-randomized to receive an adapted motivational enhancement therapy booster or a TAU booster. At 3-month followup, there were no differences in any drug use days for either BI condition compared to TAU, but there was an effect of FTF BI on the number of cannabis use days (p = 0.04). Averaged over 6 and 12 months, the FTF BI and TAU conditions showed a significant decrease in days using any drugs, whereas both BI conditions showed significantly fewer days of cannabis use compared to TAU. There were no additional effects of the booster on substance use.
Motivational interviewing
MI is a counseling approach developed by Miller and Rollnick [52] . With MI, the patient, rather than the therapist, is the one who voices the arguments for behavior change. In the last three years, two RCTs investigating digital MI-based polysubstance interventions have been conducted.
Braciszewski et al. [53] conducted one of the first studies to investigate the use of a variety of substances by youth exiting foster care (n = 33), and it is one of the few studies included in this review to include a long-term follow-up of twelve months. At every timepoint up to twelve months, the intervention group showed greater percentages of abstinent days from the drug of choice, with effect sizes ranging from d = 0.32 to d = 0.62. However, larger studies are warranted, in order to better generalize the effects, since the sample size in this study was too small to do so.
The pilot study of Aharonovich [54] is one of the few targeting HIV-positive, injecting drug users (n = 42) in primary care. A smartphone-based intervention containing self-monitoring, positive reinforcement, and personalized feedback as add-on to MI was tested. After two months, there was a greater reduction in the total number of drinking days and total number of drug use days compared to the control group receiving MI-only. Despite these positive results, RCTs with a greater sample size and long-term follow-ups are needed to better generalize the results and investigate long-term effects.
Cognitive behavioral therapy
Three RCTs evaluating digital polysubstance CBT interventions have been identified. Kiluk et al. [55] recruited 137 treatment-seeking outpatients with an SUD in a mental health center and randomized them to guided computer-based CBT as add-on to weekly monitoring, FTF CBT, or TAU entailing weekly counseling. After 12 weeks, there was no difference between CBT groups, but both groups showed significantly greater reductions in substance use compared to TAU. Interestingly, for the guided computer-based CBT condition, these results were maintained at 6 months, but not for the FTF CBT condition. This might indicate that computer-based CBT in combination with weekly monitoring may be a valuable alternative to intensive therapist-delivered CBT, with possibly longer lasting results. However, given that the within-group sample sizes were relatively small, larger RCTs are needed to better generalize the effects.
Acosta et al. [56] recruited 162 problem drinking (AUDIT score 9 8/9 7 for men/women) or substance misusing (DAST-10 score ≥ 2) veterans via a Veterans Affairs (VA) primary clinic and randomized them to TAU, entailing usual VA primary care services, or to TAU in combination with unguided internetbased CBT, targeting symptoms of substance use and post-traumatic stress disorder (PTSD). The combined treatment produced significant reductions in heavy drinking but not for other substances, PTSD symptoms, or quality of life. Future studies should further investigate interventions to target comorbid psychiatric disorders in a greater sample.
Paris et al. [57] recruited 92 treatment-seeking individuals at an outpatient mental health center. They randomized the patients to either TAU consisting of weekly supportive counseling or TAU in combination with unguided internetbased CBT. At the end of the treatment, the internet-based + TAU condition showed significantly greater substance use reduction (d = 0.13).
Reduction of psychostimulant use
Ecological momentary assessment EMA is used to intensively assess behavioral experiences in a natural setting. Using a particular device (e.g., smartphone), the participants are prompted to report their experiences throughout the day [58] .
One study augmented their 8-week gay-specific CBT intervention for gay and bisexual men, entailing male cultural references, to reduce methamphetamine use and risky sexual behavior in an outpatient methamphetamine abuse treatment program with ecological momentary assessment (EMA) for monitoring and counseling. Reback et al. [59] applied smartphone-based EMA for selfmonitoring to reduce methamphetamine use and risky sexual behavior, either with or without counseling. Augmenting CBT with EMA (with or without counseling) did not lead to greater amphetamine use reductions compared to CBT-only. In addition, counseling did not lead to significantly greater reduction in amphetamine use compared to no counseling.
Conclusions
Based on previous meta-analyses, one of the identified gaps was the need for more guided add-on, or blended interventions, compared to active control groups. The included studies from the last three years seem to more often investigate digital interventions as add-on compared to an active control group, but they still are mostly unguided. Seven studies investigated guided interventions, of which four focused on alcohol [33, [35] [36] [37] , two on polysubstance interventions [51, 55] , and one on psychostimulants [59] . Furthermore, the literature on psychostimulants and opioid interventions is still scarce, with only one study focusing on psychostimulant use, a guided add-on intervention compared to an active control group, and none focusing on opioids. However, given the increase in opioid use problems-opioid deaths in the US increased by 27.7% from 2015 to 2016 [60]-it would be desirable to focus on digital interventions for opioid use reduction.
A second gap was the variety of applied outcome measures when assessing substance use outcomes. To improve the consistency across RCTs, it is suggested that a set of standardized outcomes should be used, based on the relevant substance that is measured. Additionally, as most studies applied self-report measures, the use of toxicology screening should be considered as well, whenever feasible, to increase the reliability of substance use assessment.
Third, there is a need for longer follow-ups as most identified studies base their conclusions on post-treatment results or on 6-month follow-up. Since only a minority of studies included follow-up to 12 months and one study reported a 4-year follow-up, there is a scarcity of studies investigating long-term effects of digital interventions on substance use reduction.
Fourth, although some studies investigated polysubstance interventions, only two focused on interventions targeting substance use disorders with comorbid disorders, namely, depression and PTSD. Given the high prevalence of comorbid disorders in substance users [61] , more attention should be devoted to those conditions. The literature published over the last three years (2016-2019) shows advances with respect to targeting the gaps that existed before that period. Particular strengths of the literature include focusing on new target groups (e.g., patients with clinical AUD, young adults exiting foster care, or comorbid disorders), applying interventions in new settings and using novel recruitment strategies (e.g., Amazon's Mechanical Turk). Although future research should take into account the gaps that still remain, the current knowledge contributes to the development of more effective interventions to produce a substantial mental health impact.
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